T his study tested the hypothesis that measurable attributes in students' backgrounds are related to their successful completion of an undergraduate human physiology course. Demographic, general academic performance, and science achievement data were obtained from student records for students enrolled during the 1995-1996 academic year, and additional demographic data were obtained from students enrolled during the 1996-1998 academic years. A hierarchical logistic regression analysis explored the relationship of these variables to the percentage of students passing the human physiology course. Predicted passing versus failing showed a sensitivity of 85.5% and specificity of 69.7%. Two independent validations of the logistical regression equation correctly predicted the performance of subsequent groups of students 75.9% and 77.6% of the time.
This study sought factors predictive of success in an undergraduate course of human physiology designed for allied health students because identifying factors that place students at risk for failure will benefit students, physiology faculty, and allied health programs. Students at risk of failure will benefit by being alerted to the increased probability of failure and by being encouraged to obtain tutoring earlier in the semester, whereas physiology faculty will benefit by knowing whom to target. The allied health programs will benefit by using the information to identify and counsel students most likely to profit from such activities.
Predictors of academic achievement have been sought in other health-related areas. Predictors identified in the nursing literature included age (10, 11) , gender (10, 11) , high school rank (6, 21) , grade point average (GPA) in high school science courses (6) , high school class size (11) , Scholastic Achievement Test (SAT) scores (3, 4, 14, 16) , preprofessional collegiate GPA (3, 11, 14, 16) , and preprofessional biological sciences GPA [biology, anatomy, physiology, and microbiology (6, 9, 11) ]. In addition, anatomy and physiology grades (5) (6) (7) 17) , SAT verbal scores (3, 4, 6, 14, 17) , and nursing course GPAs (10, 12, 14, 16) were recognized as correlating strongly with success on the National Council Licensure Exam for Registered Nurses (NCLEX-RN) and/or completion of the nursing programs, whereas noncognitive and demographic factors were weak predictors of success (1, 3, 14) . Studies of predictors of success on the NCLEX-RN exam produced sensitivities ranging from 62.9% to 83.4% and specificity ranging from 57.9% to 84.2% (11, 12, (15) (16) (17) .
A few dated articles predicting allied health program success have been published by clinical laboratory science (18) , occupational therapy (2), and physical therapy programs (13) . They have identified similar factors predicting success: high school ranking (2), preprofessional GPA (2, 13), preprofessional science GPA (13), SAT scores (2), and nonacademic factors such as manual dexterity, goals, interview scores, and interpersonal scores (2, 18) .
No predictors of success in undergraduate human physiology were found in the literature, so we undertook the study reported here to identify variables predictive of success in undergraduate human physiology and to begin a national conversation about the use of such predictors among physiology educators.
The University of North Dakota School of Medicine and Health Sciences offers a junior-level undergraduate human physiology service course to ϳ350 students per year. Tutoring services were available to all enrolled students. Prerequisites for the course are two introductory courses in the following: anatomy, biology, or chemistry. Undergraduate human physiology is a prerequisite for a variety of programs that expect the course to be a foundation on which students will build discipline-specific knowledge (Table 1) .
MATERIALS AND METHODS
Sample. Subjects were students enrolled during the 1995-1998 academic years. Data for students in sample 1 were retrospectively obtained from the Registrar's list of students having received a grade in undergraduate physiology during the 1995-1996 academic year. A total of 324 students was enrolled during these three semesters. Students receiving an ''incomplete'' grade were omitted from the study, as were students who had dropped the course. The first analysis reported here was a regression of demographics, prephysiology GPAs, and type and number of college science courses onto passing undergraduate human physiology (Table 2 ).
Five hundred nineteen students enrolled in the 1996-1998 academic years completed a questionnaire and consent form on the first day of class each semester. These students were randomly assigned to two groups (samples 2 and 3) for the purpose of this study ( Table  2) . Each student was given his or her own secure random identification number and assured that only group results would be reported, as approved by the University of North Dakota Institutional Review Board. Information in Tables 1 and 3 -5 presents summarized data from all completed questionnaires. Students who dropped the course or received an incomplete grade (50 students) were omitted from the subsequent calculations. Only data for students receiving a grade of A, B, C, D, or F were retained to examine the relationship among the variables described and performance in human physiology using logistic regression and producing Eq. II.
Variables. The dichotomous criterion variable ''pass'' vs. ''fail'' was the student's final grade in undergraduate human physiology, coded as 0 for D or F (fail) and 1 for A, B, or C (pass). In the analysis of data from sample 1, the predictor variables were student's major program of study, marital status, gender, age, class level (sophomore, junior, or senior), GPA at the time of enrollment in undergraduate human physiol- Data are percentages of students in each major within samples; n ϭ no. of students. Students in sample 1 matriculated in 1995; students in samples 2 and 3 enrolled in 1996-1998. Students were randomly assigned to samples 2 or 3.
ogy, college science achievement (number of completed courses in anatomy, biology, chemistry, and physics), and number of college mathematics courses taken. In analysis of data from samples 2 and 3, additional predictor variables obtained from the questionnaire included birth order, the state in which the student was a legal resident, population of the town or city of residence, size of high school graduating class, number of high school science courses taken (anatomy and physiology, biology, physical science, chemistry, and physics), and high school math courses taken (algebra II and calculus).
Statistical analyses.
Exploratory data analysis procedures were used to examine the variables and their interrelationships before hypothesis testing began. In the analysis of data from sample 1, hierarchical logistic regression examined the relationship of the predictor variables to successful completion of the course with predictor variables categorized into sets labeled ''demographic,'' ''academic achievement,'' and ''college science background.'' Predictors and firstorder interactions among predictors in each set that did not contribute to the criterion measure were eliminated in a stepwise backward manner within each predictor variable set. An alpha level of 0.10 was used in eliminating predictors so that the resulting equations would err in the direction of identifying too many students at risk of failure rather than identifying too few. The analysis produced Eq. I, which identified students anticipated to pass the course among students from samples 2 and 3 ( Table 2 ). This equation was used prospectively with students in sample 3 to determine shrinkage (i.e., decrease in the equation's ability to predict due to being used with a different sample).
Data collected from sample 2 were examined in another hierarchical logistic regression that produced Eq. II (Table 2) as described earlier. This analysis determined how much additional predictive ability resulted from inclusion of the high school information.
RESULTS
Descriptive statistics are presented in Tables 1 and  3 -5. The typical student enrolled in undergraduate human physiology was single, 22 Ϯ 4.4 years old (mean Ϯ SD; distribution postively skewed), a sophomore, female, and carried a 3.3 Ϯ 0.4 prephysiology GPA. The student was most likely to have been either in a prenursing program or admitted into the nursing program. She typically had taken three college science courses before enrollment and came from a North Dakota city with a population Ͼ10,001. Her high school graduating class had Ͼ251 students, and she had taken high school biology, chemistry, physical science, and algebra II.
The initial hierarchical logistic regression produced equations with only one variable predictive of performance in physiology remaining in the demographic, general academic achievement, and science achievement categories.
Age, categorized as young adults Յ24 years old and adults Ͼ24 years old (19) , was the significant predictor retained from the set of demographic variables. However, when this variable was introduced into the regression equation with GPA (the variable retained from the academic achievement set) and the number of preprofessional science courses taken (the variable retained from the science background set), it was dropped from the equation because it and its firstorder interactions with these variables did not contribute to the statistical prediction of passing physiology.
Interestingly, there was an interaction between the number of science courses taken before physiology and prephysiology GPA such that the probability of physiology success increased with the number of science courses taken for students with a GPA Ͼ3.0, whereas it decreased with those with a GPA Ͻ3.0 (see Fig. 1 ).
Using a predicted probability of passing of 50% as the cutoff, Eq. I had associated sensitivity and specificity as shown in Table 6 ; the correct prediction rate was 82.4%. Cross-validation results (i.e., use of Eq. I to predict performance of students in samples 2 and 3) showed a shrinkage of 6.5% and 4.8%; the percentages of correct classification of students were 75.9% and 77.6%.
A second hierarchical logistic regression considered additional demographic data including where the student was in his or her family's birth order. These new variables were introduced into the equation after those from Eq. I, and the resulting formula (Eq. II) did not increase the predictability of passing beyond what was possible using Eq. I. Thus the new variables were dropped from consideration. The variables considered in each group are displayed in Tables 2-5 .
DISCUSSION
The predictor variables in this study have been used with mixed success in other studies (4, 7, 11, 12, 16, 17) . Not surprisingly, the predictor variables most strongly associated with passing physiology were prephysiology GPA and the number of college science courses taken before enrollment in physiology, demonstrating that past academic performance predicts future academic performance.
This study also found an interaction between prephysiology GPA and the number of college science courses taken before enrollment that had not been previously noted, possibly because the interaction had never been investigated. The interaction shows that a ''B'' average is roughly the cutoff for students whose success increases with the number of science courses taken versus those for whom additional science courses predispose toward failure. We suspect that students who do not maintain this average are ''washed out,'' i.e., less able students leave their programs of study early, whereas marginal students remain in their programs longer.
Our data suggest that students' ages are inversely related to performance. However, once the number of science courses completed and GPA appeared in the equation, age failed to make an additional contribution to the equation's ability to predict success or failure. This finding is supported by Mills et al. (15), who found that the odds of students failing NCLEX-RN increased almost twofold for every decade increase in age, although this predisposition vanished by the end of the third year. At the University of North Dakota, students take physiology as a prerequisite for admission to their major program; thus they should have class ranking similar to the data obtained from students at the end of the freshman and/or sophomore year. We suspect, in the absence of rigorously collected data, that older students may use memorization techniques as opposed to application techniques. In addition, we wonder whether disuse has diminished their math and science recall. The allied health pro- grams should be alerted to this age factor so that appropriate intervention strategies may be developed.
The sensitivity derived from Eq. I (85.7%) was higher than previously reported in the nursing literature (62.96-84.96%), whereas the specificity reported from our study (70.5%) fell within the range reported in other studies (57.9-91.2%) (11, 12, (15) (16) (17) , even though we selected an alpha level that predisposed the equation to overestimate the number of students at risk.
Suggestions for further research. The use of learning styles as a predictor of success in physiology has been reported in the literature with conflicting results (8, 9, 20) . A student's learning style is believed to influence the methods by which each student learns, and if it is not congruent with the instructional methods used in class, the student's ability to learn may be hindered. If learning styles of the physiology students could be assessed, faculty would then better understand how their students learn and appropriate instructional formats could be identified and implemented. Students could also be counseled in terms of how best to learn in class and study on their own.
Application to teaching physiology. With the use of the present data and mathematical model, collaboration with the allied health programs to develop strategies to assist students identified at risk of failure is recommended. Also, additional collaboration is recommended to determine whether successful completion of human physiology is predictive of students' successful completion of allied health programs.
In conclusion, the results of the study indicate that it is possible to accurately predict whether any given student will pass physiology given their prephysiology GPA and number of science courses completed before enrollment. Early identification of students at risk for failure is important because it may allow time for early and appropriate intervention (tutors, faculty assistance, increased study time, etc.), thus improving the likelihood of students' learning more and so successfully completing the course. Only students who completed the physiology course in the semester for which they were registered were included in the sensitivity and specificity determinations. Predicted pass, total no. of students predicted to pass course based on GPA and no. of science courses completed using equation described in text; observed pass, is the total no. of students who actually did pass the course; correct predicted pass, total no. of students predicted to pass who actually did pass; sensitivity, percentage of students correctly predicted to pass that did actually pass; predicted fail, total no. of students predicted to fail course based on GPA and no. of science courses completed using equation described in text; observed fail, total no. of students who actually did fail course; correct predicted fail, total no. of students correctly predicted to fail who did actually fail; specificity, percentage of students correctly predicted to fail who did actually fail; total predicted correct, total no. of students correctly predicted to pass and fail; % total predicted correct, percentage of students correctly predicted to pass and fail divided by total no. of students who completed course.
